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@ Membranes. 



@ Solutions of sulphonated polyaryletherketones in a sol- 
vent mixture of at least three liquids or low melting solids which 
are non-solvents or poor solvents for the polymer, can be used 
to produce asymmetric semi-permeable membranes. The poly- 
mer may be a polymer of 

— (-Ph* - O - Ph2 - O - Ph^ - CO -) 

and optionally 

— (-Ph^ - O - Ph^ - CO ) 



and 



— {-Ph' - O - Ph' - O - Ph' - CO ) 



wher^ip^h' and Ph^ are respectively unsulphonated and sul- 
pj>crfiated phenylene residues. The components of the solvent 
mixture have specified solubility parameters. A suitable sol- 
vent mixture is ope formed from w^ter, 1 .4 dioxane and aceto- 
nitrile. ^ 
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Membranes 

This Inventioa relates to membranes and more particularly 
to a method for the preparation of asymmetric semi -permeable membranes 
of sulphonated polyaryletherketones. 
5 It is known to make asymmetric semi*permeable membranes , 

which are useful in separation processes such as reverse osmosis and 
ultrafiltration, by casting a solution of a film-forming ion-exchange 
material on a support and then coagulating the film using a non- 
solvent for the ion-exchange material* Membranes of this type are 

10 characterised by having a thin dense layer which functions as the 
active layer of the membrane and a thicker porous layer which 
functions as a reinforcing support for the active layer. Sulphonated 
polyarylethers such as polyaryle the rke tones have been disclosed as 
being suitable materials for the production of such membranes. 

13 For the preparation of a solution of a sulphonated 

polyarylether various known solvents for the polymer have been 
proposed, especially aprotlc polar solvents such as dimethylformamide 
and dlmethylsulphoxide. Whilst such solvents can be used singly. 
It ts desixable -f or l:he casting solution to contain a mixture of 

20 solvents and/or swelling agents and also a non-solvent for the 

polymer, for example water, to facilitate coagulation of the polymer 
film and formation of the aforementioned asymmetric structure. 

It has now been found that membranes having a useful 
combination of fliix and salt rejection properties may be obtained 

25 using solutions of sulphonated polyaryle the rke tones in a solvent 
mixture formed from specified components. 

Accordingly one aspect of the invention provides a solution 
comprising a sulphonated polyaryletherketone and a solvent mixture 
which contains at least three components each of which is a 

30 non-solvent or poor solvent for the sulphonated polyaryletherketone 
and which are 

a) a liquid or a low melting solid containing at least one hydroxylic 
group and having a delta-H with a value of at least 8; 

b) a liquid or a low melting solid having a delta-D with a value of 
35 at least 8 and a delta-P with a value of not more than 3; and 
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c) a liquid or a low melting solid having a delta-P with a value of 
at least 8.5 and a delta-H with a value of not more than 3; 
wherein 

the solvent mixture forms a single liquid phase and none of the 
5 components of the solvent mixture reacts or complexes with another of 
the components of the solvent mixture or with the sulphonated 
po lya ryle the r ke t one • 

For convenience hereafter, the sulphonated 
po lya ryle the rke tone will be referred to as the "sulphonated 
10 polyketone** • 

By -low melting solid" is meant a material which is solid 
at ambient temperature and has a melting point of not more than 50^C« 

The solutions of the invention may be used for the production 
of asymmetric semi -permeable membranes. 
15 Thus, as a further aspect of the invention there is provided 

a process for the production of an asymmetric semi -permeable membrane 
of a sulphonated polyaryletherketone, by casting a solution of a 
sulphonated polyaryle the rke tone in a solvent mixture onto a support 
. to ^orm a layer i>f solution on the support, immersing the support 
20 and layer in a coagulation bath and recovering a membrane, wherein 
the solution is as hereinbefore described. 

The sulphonated polyketone may be any known sulphonated 
polyketone and, in particular, may be a material which contains repeat 
units of the formula 

25 I -K^h - O Ph - CO +- 

wherein 

Fh represents a phenylene residue, preferably a 
para-phenylene residue, wherein at least some of the groups Fh are 
sulphonated; and 

30 m is 1 or 2 and the value of m can differ along the polymer 

chain. 

The sulphonated polyketone may be a material consisting of 
repeat units of formula I in which the value of m is only one or is 
only two or in which the value of m differs along the polymer chain 
35 and is both one and two at various points along the chain. Thus the 
sulphonated polyketone may be a material obtained by sulphonating a 
ketone polymer having only the z^epeat units 
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lA 



-^h^ - 0 - Ph^ - 0 - Ph^ - CO^ 



or only the repeat ualts 



IB 



-^Ph^ - 0 - Ph^ - CO^ , 



LO 



) 



wherela Ph^ is a phenylene residue, preferably a para-phenyleae 
residue. 

Alternatively, the aulphonated polylcetone may be obtained 
by sulphonating a copolyner haviag both the repeat units lA and the 
repeat units IB. In the polylcetone which is to be sulphonated and 
which contains repeat units lA and/or repeat units IB, it is 
preferred that the groups Ph are para-phenylene groups. 

Sulphonated polyke tones which may be used to form the 
solution of the invention are described in the prior art, for example 
in European Patent Specifications 8895 and 41780. Thus, it is 
possible to use the products obtained by sulphonating a polymer having 
the repeat units of the formula lA, optionally together with other 
repeat units. Sulphonation of such polymers may be effected by 
dissolving tlie ketone polymer in concentrated sulphuric acid 
(98Z w/w) and agitating the solution until the polymer has been 
sulphonated to a desired extent. The sulphonation in coacentrated 
sulphuric acid may be carried out at ambient temperature or at an 
elevated temperature, for example at least SO'C, depending on the 
ketone polymer to be sulphonated. Alternatively, polymers of repeat 
units IB may be sulphonated by the procedures described in Journal of 
Polymer Science, Polymer Chemistry Edition, Vol 23 (1985) pages 2205 
to 2223. 

The ketone polymer which is sulphonated is preferably one 
containing the repeat units of the formula lA only or a copolymer 
containing the repeat units of the formula lA together with comonomer 
units of the formula 



II 



-^Ph^ - 0 - Ph^ - ^ 



or comonomer units of the formula 



III 



— ^Phl - 0 - Ph^ - 0 - Ph^ - 
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where 

1 

Ph is as defined; and 

Y is a - CO - or - SO - group, aud the nature of Y in the 

2 

units of foroBula II may vary* 
5 In the copolymers it is preferred that the proportion of the 

repeat units of formula II or III does not exceed 50Z mole of the 
copolymer. 

In the sxilphonation process, sulphonation occurs readily on 
the 8ub*group - 0 - Ph * 0 * in the repeat units of formula lA, and 

10 most readily on these sub-groups in the repeat units of formula III* 
The preferred ketone polymers which are sulphonated contain at least 
50 mole Z of the repeat units of formula lA and are especially 
hoaopolymers of the repeat units lA or copolymers of the repeat units 
lA and repeat units II, particularly when the group Y is - GO *• 

15 Preferred sulphonated polyimers used in accordance with the 

present invention contain the repeat units 




optionally together with the repeat units II and also the repeat units 
lA, 

20 wherein 

1 

Ph is as defined: 
2 

Ph is a phenylene residue, preferably a para-phenylene 

residue, containing one or twa groups SO M; 

3 

M Is a hydrogen atom, a metal atom or a group NR , wherein 

4 

25 the groups M may be the same or different and the proportion of the 
groups M la sufficient to combine with the unsatisfied valencies of 
the group - SO^; and 

R is- a hydrogen atom or an alkyl group* 

The repeat units lA are present due to incomplete 

30 sulphonation of the polymer containing the repeat units lA. 

Preferably, the sulphonated polyaer contains both repeat units lA and 
repeat units IV and is one in which the repeat units IV are at least 
35 mole Z and not more than 80 mole Z, and preferably 40 to 70 mole Z, 
of the total of the repeat units IV, and the repeat units lA* The 

35 group M is typically a hydr gen atom since this is the usual product 
of the sulphonation step* 
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The sulphoaated polyketoaes are polyiaeric materials of high 
molecular weight, as indicated by the reduced viscosity (RV) or 
inherent viscosity (IV) of the polymer. The polymers having a low 
degree of sulphonation are not readily soluble in many organic 
5 solvents and the RV or IV is measured in concentrated sulphuric acid 
(98 Z w/w). Preferably, the polymers having a low degree of 
sulphonation have an IV (measured at 25"C in a Q.IZ w/w solution of 
the polymer in concentrated sulphuric acid) of at least 0.2 and 
preferably of at least O.A. The IV of such polymers typically does 
LO not exceed 2.5 and especially does not exceed 2.0. Preferred 

sulphonated polyketones have a degree of sulphonation which is such 
that the sulphonated polyketone is soluble in organic solvents such 
as dimethylformamide. Such sulphonated polymers preferably have an 
RV (measured at 25"C in a 1.0 Z w/w solution of the polymer in 
5 dimethylformamide) of at least 0.2 and preferably of at least 0.4. 
The RV of such polymers preferably does not exceed 2.5 and 
especially does not exceed 2.0. 

The sulphonated polyketones are conveniently prepared by 
sulphonation rof polyketones using the procedures described herein 
and in European Patent Specifications 8895 and 41780. Polyketones 
which are less readily sulphonated than those used in the processes of 
European Patent Specifications 8895 and 41780 may be sulphonated using 
more powerful sulphonation agents, for example by the procedures of 
Journal of Polymer Science, Polymer Chemistry Edition, Vol 23 (1985) 
pages 2205 to 2223. The polyketones which are sulphonated are 
suitably crystalline polymers containing the repeat units lA alone or 
together ^Jitti onher repeat units and having an IV (measured at 25*'C in 
a O.IZ w/w solution of the polymer in concentrated sulphuric acid) of 
at least 0.7. Such polymers are more fully described in European 
Patent Specification 1879. 

In the sulphonated polyketone containing the repeat units of 
the formula IV, when Ph is an ortho- or para- phenylene residue, 

there is typically only one group -SO M whereas when Ph^ is a 

3 

meta-phenylene residue there may be one or two groups -SO ^ 

3 2 

depending on the time and temperature of sulphonation. When Ph ±s 
an orth -phenylene residue, the -SO3M gr up is 1 cated in a 
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10 



position which is para- to oae ether group aad meta- to the other 
ether group, any further sulphonation occuring to locate the -SO M 
in positions neta- to each other. When Ph^ is an ortho-phenylene 
residue, the -SO M group is located in a position ortho- to one 
ether group and meta- to the other ether group. When Ph is a meta- 
phenyl ene residue, the -SO^M group or groups is or are located in 
the positions ortho- to one ether group and para- to the other ether 
group • 

In the solvent mixture, delta-H, delta-D and delta-P are 

coiiq)onents of the solubility parameter of each Mterial which is a 

component of the solvent mixture and are related by the expression 

2 2 2 2 

(deltar^) -_(delta=^H) ^(delta-D) + (delta-P) 



where delta-O is the solubility parameter and is given by the 
expression 
15 (delta-O) -/yvE" 




where 

E is the molar cohesive energy which approximates to /VH-RT; 

^ H is the latent heat of vaporisation; 

R is the gas constant; 
20 T is the absolute temperature and; 

V is the molar vol\me. 

More specifically, delta-H is the hydrogen bonding component 

of the solubility parameter, delta-D is the dispersion component of 

the solubility parameter and delta-P is the polar component of the 
25 solubility parameter* 

The concept of solubility parameters is discussed in many 

papers in the scientific literature including, inter alia, a paper 

by C M Hansen in Ind Eng Chem Prod Res Dev 8^ March 1969, pages 2 to 

!!• Other papers in which solubility parameters are considered are, 
30 inter alia. Chemical Reviews, 75 (1975), pages 731 to 753, and Kirk- 

Othmer "Encyclopedia of Chemical Technology** Second Edition, 

Supplemental Volume (1971) pages 889 to 910* 

A tabulation of values of delta-H, delta-D and delta-P is 

given in the Hansen paper and these values may be used to determine 
35 suitable materials for use as coi^onents (a), (b) and (c) of the 

solvent mixture. 
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Preferred materials for use as component (a) of the solvent 
mixture have a delta-H of at least 8, a delta-D of not more than 8 and 
a delta-P of at least 6. Especially preferred materials have a delta- 
H of greater than 10, a delta-D of less than 8 and a delta-P of at 
least 6. From the Hansen paper, few materials have a delta-H of the 
required value and only diethylene glycol, dlpropylene glycol, 
methanol and water satisfy the requirements for the preferred 
materials. 

Preferred materials for use as coo^onent (b) of the solvent 
mixture have a delta-D with a value of at least 8, a delta-P of not 
more than 3 and a delta-fi of not more than 4. Materials satisfying 
the preferred requirements include, inter alia, 1,4-dioxane, and 
several halohydrocarbons* Many hydrocarbons, particularly cyclic 
hydrocarbons, have the preferred values of delta-D, delta-P and delta- 
H but do not form a single phase mixture with most materials used as 
coiiq)onents (a) and (c) of the solvent mixture. 

Preferred materials for use as con5)onent (c) of the solvent 
mixture have a delta-P of at least 8.5, a delta-H of not more than 3 
and a delta-D of at least 7.5. Materials satisfying the preferred 
requirements include, inter alia, propylene carbonate, ethylene 
carbonate, acetonitrile and nit rorae thane. 

The components of the solvent mixture are non-solvents or 
poor solvents for the sulphonated polyketone and the polymer is 
typically soluble in each of the components in an amount of not more 
than 5Z by weight, preferably less than IZ by weight, especially less 
than O.IZ by weight. 

The sulphonated polyketone is preferably soluble in the 
solvent mixture in an amount of at least lOZ by weight, isore 
preferably "at least 15Z by weight, especially at least 20Z by weight, 
for example 25 to 30Z by weight. The quantity of polymer dissolved 
in the solvent mixture should be such that the resulting solution 
can be cast into a membrane and this will be dependent not only on 
the components of the solvent mixture but also on the molecular weight 
of the polymer and the degree of sulphonation of the polymer. 
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The components of the solvent mixture, and the properties 

thereof, are preferably such that the solvent mixture has a delta-H 

of value in the range from 2 to 12; a delta-P of value in the range 

from 4 to 9 and a delta-D of value in the range from 6,5 to 9.5. We 

5 have found that the preferred values of delta-H, delta-P and delta-D 

are dependent on the nature of the sulphonated polyketone and when 

M is hydrogen, the preferred solvent mixture has a delta-H of 3 to 

6; a delta-P of 4 to 9 and a delta-D of 7.5 to 9. When divalent metal 

salt is being used, the preferred solvent mixture has a delta-H of 

10 3 to 8; a delta-P of 4 to 9 and a delta-D of 7.5 to 9.5 

Solvent mixtures which may be used in accordance with the 

the present invention include the systems. 

11 1 
a) R OH or R COOH, where R is a hydrogen atom or a 

hydrocarbyl group; 

15 b) an ether, particularly a cyclic ether; and 
c) a non— basic nitrogen — containing compound. 

As an example of such a system there may be mentioned 
water, 1,4 -dioxane and acetonitrile. 

la -tha materials of the type R OH and R COOH, it is 

20 preferred that R is a lower alkyl group, that is one containing 1 
to 6 carbon atoms, or is especially hydrogen. Component (a) is 
preferably a conq)ound of the formula R OH and, in particular, 
component (a) is water. 

The solvent mixture consists of at least the three components 

25 (a), (b) and (c), and for some systems four or more components may 
be present. However, for convenience of preparing the solvent 
mixture,, it is preferred to minimise the number of component and hence 
the solvent mixture typically consists of three components. 

A' wide range of solvent mixtures can be used. For 

30 sulphonated polyketones as disclosed in European Patent Specification 
8895, we have obtained a solvent mixture having satisfactory 
characteristics from a mixture consisting of water, 1,4-dioxane and 
acetonitrile. This mixture suitably contains at least 20Z by weight 
of 1,4-dioxane, at least lOZ by weight of acetonitrile and not more 

35 than 40Z by weight of water, the total amounts of the three components 
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aggregating to 1002 by weight. We particularly prefer that the 
mixture coatalna 20 to 35Z by weight of water, 20 to 50Z by weight 
of acetonltrile and 15 to 60Z by weight of 1.4-dloxaae, the total 
amounts of the three components aggregating to lOOZ by weight. 
5 Solutions m accordance with the present Invention can be 

used for the production of membranes by casting the solution onto 
a support. For use In such a process. It la very desirable that at 
least one component of the solvent mixture is volatile and evaporates, 
at least partially, during the casting of the solution and/or the 
10 production of the supported layer of the cast solution. It is also 
desirable that the sulphonated polyketone Is Insoluble, or of reduced 
solubility, in the residue of the solvent mixture which remains after 
the volatile component, or components, have evaporated. 

The most suitable mixtures for any particular sulphonated 
15 material depend not only on the basic polymer structure, that is the 
unsulphonated material, but also upon the degree of sulphonation of 
the polymer. By "degree of sulphonation" we mean the ratio of the 
number of sulphonated phenylene residues in the sulphonated polymer to 
X^^^^ sulphonated 
20 polymer. The degree of sulphonation can be determined by titration. 
In general, polymers having lower degrees of sulphonation require 
solvent mixtures in which the value of delta-H and delta-P for the 
solvent mixture is reduced. For the solvent mixture 1.4^1oxane. 
acetonltrile and water, this is achieved with a mixture having a lower 
25 water content and a higher acetonltrile content. The most suitable 
mixtures for any given sulphonated polymer can be readily ascertained 
by trial. Thus, we .have found that wl*li a sulphonated polyketbne 
containing the repeat units IV and lA, as specified herein, wherein 
the proportion of the repeat units IV is sufficient to give a degree 
30 of sulphonation of 1:5. that is with 50Z mole of repeat units IV and 
50 Z mole of repeat units lA, preferred mixture consists of 1,4- 
dloxane, acetonltrile and water in the weight ratios 3:2:2. 

The solution nay be prepared by dissolving the sulphonated 
polyketone in any suitable form, for example powder, chips, granules, 
35 in the mixed solvent to form a solution containing from lOZ to 40Z 
by weight of the sulphonated polyketone. Dissolution of the polymer 
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and casting on to the support may be effected at ambient temperature 
but lower or higher temperatures may be used if desired, for example 
from O^'C to lOO'^C. 

The solution of the present invention may also include a 
3 swelling agent. A wide range of swelling agents may be used, for 
and these are typically water soluble compounds, especially 
bifunctional carboxylic acids « Maleic acid is a suitable swelling 
agent. The amount of the swelling agent is dependent on the 
particular swelling agent, the sulphonated polylcetone and the solvent 

10 mixture but generally will be at least IZ by weight and not more than 
lOZ by weight of the composition (swelling agent, sulphonated 
polyketone and solvent mixture). 

The solution of the siilphonated polyketone is formed into a 
membrane by casting on a support. Casting onto the support may be 

15 effected at essentially ambient temperature but lower or higher 

temperatures may be used if desired. The support may be for example a 
non-porous plane surface such as a glass or metal plate or, 
alternatively, may be a porous support such as a fabric and, where 
: approprlare , it may have some other shape. Sufficient of the solution 

20 is cast on to the support in conventional manner to give a film of the 
desired thickness which may be adjusted as necessary by suitable 
mechanical means. It is preferred to produce a film having a 
thickness of at least 20 micrometres and not more than 300 
micrometres, most preferably from 50 up to 250 micrometres, and 

25 especially from 75 to 200 micrometres. 

Alternatively, fine hollow fibres may be produced by extruding the 
solution ^through a die having a central mandrel, allowing some of the 
solvent to evaporate and then passing the fibres through a coagulation 
bath. 

30 It is advantageous to allow at least partial evaporation 

of at least one component of the solvent mixture from the supported 
liquid film by exposing the latter to the atmosphere for a short time, 
10 seconds to 5 minutes, before immersing the supported film in a 
coagulation bath. The coagulation bath may contain an aqueous 

35 solution, for example a solution of an inorganic salt such as sodium 
chloride or sodium nitrate, or may be a non-solvent liquid, r liquid 
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mixture » for example formed from one or more of the componeats of 
the solvent mixture. Preferably the coagulation bath Is an aqueous 
solution of a metal salt such as sodium chloride or sodium nitrate. 
To obtain a membrane of a higher flux, the coagulation bath may be 
5 a mixture of water and either component (b) or component (c) of the 
solvent used In casting the membrane. The temperature of the 
coagulation bath is generally between -20''C and 60°C, and Is 
preferably below 5^C. The coagulation treatment may be between 1 
minute and several hours, for example between 5 and 60 minutes. 

10 After the coagulation treatment, the membrane Is recovered. 

In the case of a non-porous support, the membrane Is detached from 
the support but. In the case of a porous support, the membrane remains 
adhered to the support. The recovered membrane may be subjected to 
heat treatment In order to relax the structure. Such a heat treatment 

15 preferably Includes an Immersion In an aqueous solution of an 

Inorganic salt at an elevated temperature, typically from 70^C to 

150~C. This heat treatment may be effected with the membrane being 

2 

held under pressure (4 to lOOkN/m ) between porous supports, such as 
porous graphite* sintered stainless steel or filter paper on a non* 

20 porous support. Once prepared, and after any heat treatment, the 
membrane Is preferably washed with distilled water to remove free 
Ionic spaces and Is then stored In distilled water until required. 

Membranes obtained by the method of the Invention may be 
used for the treatment of a wide variety of aqueous or non-aqueous 

25 solutions or suspensions by conventional reverse osmosis or 

ultrafiltration techniques. In particular they may be used for the 
desalination of sea water and for the purification of brackish waters 
and Industrial effluents. 

T5 reduce the possibility of variations In membrane 

30 properties. It Is desirable that all stages In the preparation of 
the casting solution, and the casting and coagulation steps, are 
effected under carefully controlled conditions of time, temperature 
and humidity. During the casting and subsequent evaporation, it is 
preferred that the humidity does not exceed about 65Z relative 

35 humidity, for example in the range 35 to 50Z relative humidity. 
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The accompanying drawing is a diagrammatic representation 
of a reverse osmosis cell in which the membranes of the present 
invention maj be used. 

The cell comprises a closed vessel 1 which is divided int 
two sections internally by a membrane 2. The membrane 2 is in contact 
with a sheet 3 of a porous material for example filter paper and sheet 
3 is supported by a porous plate 4 which is not semi-permeable and 
which assists in preventing mechanical deformation of the membrane 
2. The membrane 2, the sheet 3 and porous plate 4 are clamped at 
their edges to prevent leaking around the edges. The vessel 1 is 
divided by the membrane 2 into a large section 5 and a small section 
6. The large section 5 is provided with two pipelines 7 and 8 for 
the supply and removal of liquid. The small section 6 is provided 
with a pipeline 9. In use,_liquid under pressure, for example sea 
water at a pressure of 4MNm , is passed into section 5 of the 
vessel 1 through pipeline 7 and is withdrawn through pipeline 8. 
The pressure is sufficient to cause reverse osmosis and some water 
passes through the membrane 2 into the section 6 from which it is 
withdrawn though the pipeline 9. The apparatus can be operated at 
ambient temperature (about 25»C) but higher temperatures may be used. 
In a continuous process, a further pipeline may be connected to 
section 6 of the vessel 1 whereby a continuous flow of a carrier 
liquid, which is the liquid being collected, is passed through section 
6. Other modifications and variations may be effected in the manner 
known to those skilled in the art. 

Various aspects of the present invention are illustrated, 
but not limited, by the following Example, in which all parts and 
percentages are by weight unless otherwise Indicated. 
Example 

A sample of powder of polyetheretherketone of repeat unit 
lA and having a melt viscosity (measured using a ram extruder fitted 
with a^3.175 x 0.5mm die and operating at AOO'C and a shear rate of 
1000s ) of 0.33 (this melt viscosity corresponds to an IV of about 
0.95 as measured at 25"C using a O.IZ w/w solution of the polymer in 
98Z w/w concentrated sulphuric acid), was dried in a vacuum oven at 
120-C for two hours and at 40-c for 18 hours. 71.8g of the dried 
polymer powder was added gradually to concentrated sulphuric acid 
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which was being vigorously stirred. The powder was added to avoid the 
central vortex. Stirring was continued throughout the polymer 
addition and all subsequent stages. After stirring at about 21«C for 
149 hours, the mixture of concentrated sulphuric acid and dissolved 
5 polymer was added dropwlse to stirred demlnerallsed water and the 
sulphonated polyetheretherketone was precipitated. 

By titration against sodium hydroxide solution it was 
determined that sulphonation of 73Z molar of the repeat units lA had 
occurred to give the repeat units IV and leaving 272 molar of the 
10 repeat units lA unsulphonated. 

16g of the sulphonated polyetherketone obtained as described 
above were dissolved, at a temperature of 25-C, in 40g of a 3:2:2 
parts by weight 1 .4-dloxane/acetonltrlle/water mixture to give a 
solution of the sulphonated polymer In the solvent mixture. The 
15 solution was filtered through a gauze with a mesh size of 30 

micrometres and then centrifuged at 2000 rpm for 20 to 30 minutes. 

The solution was cast onto a glass plate and a film of 
0.15 mm thickness was formed on the plate with the aid of a brass 
. ..rrapr&^dsr. Af ter oae ,alaute evaporation in air, coagulation of the 
20 film was effected by immersing for 30 minutes in a 5!E w/w aqueous 
solution of sodium chloride at about 1-C. The glass plate and the 
membrane formed on it were removed from the sodium chloride solution 
and the membrane was removed from the glass plate. The membrane was 
washed with distilled water and the membrane was stored in distilled 
25 water until tested. 

The recovered membrane was tested using an apparatus of the 
Xype hereinbefore described and in, which the membrane was placed in 
contact witha porous support and the exposed side, being the side 
exposed to the air during casting, was subjected to continuous feed 
of an aqueous solution of sodium chloride (0.22 by weight) pumped 
across the surface of the membrane at a pressure of about 4MNm"^ 
and a temperature of 25-C. The liquid passing through the membrane 
was analysed. The membrane gave a salt rejection of 63. 6Z as 
determined by measuring the conductivity of the solution feed to the 
35 membrane cell and measuring the conductivity of the solution 
permeating the membrane, and using the relationship 



30 
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A flux of 0,8 m.day ^ was achieved. 



( conductivity of permeateS 
coaductivlty of feed^ 



X salt rejectloa « 

1X 100 
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Claims 

!• A solution comprising a sulphonated polyaryletherketone and a 

solvent mixture which contains at least three components each of which 
is a non-solvent or poor solvent for the sulphonated 
polyaryletherketone and which are 

a) a liquid or a low melting solid containing at least hydroxyllc 
group and having a delta-H with a value of at least 8; 

b) a liquid or a low melting solid having a delta-D with a value of 
at least 8 and a delta-P with a value of not more than 3; and 

c) a liquid or a low melting solid having a delta-P with a value of 
at least 8.5 and a delta-H with a value of not more than 3; 
wherein the solvent mixture forms a single liquid phase and none of 
the components of the solvent mixture reacts or complexes with another 
of the components of the solvent mixture or with the sulphonated 

po ly ar y le the rke t one • 

2. A solution as claimed in claim 1 wherein the sulphonated 
polyaryletherketone contains repeat units of the formula 

1 -H^h - O >5 Ph - CO i-. 

wherein 

Ph represents a phenylene residue wherein at least some of the groups 
are sulphonated; and 

m is I or 2 and the value of m can differ along the polymer chain. 

3. A solution as claimed in claim 2 wherein the sulphonated 
polyarylether k et oa ecJLs^^ material In which the value of m is only one 
or Is only two. 

4. A solution as claimed in claim 2 wherein the sulphonated 
polyaryletherketone is a material in which the value of m differs 
along the polymer chain and Is both one and two at various points 
along the chain. 

5. A solution as claimed in claim 1 wherein the sulphonated 
polaryletherketone is the product obtained by sulphonatlng a polymer 
having the repeat units of the formula 
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aad optlonaHy also Including coaononer unite of the formula 
II - 0 - Ph^ - 

or coaonomer units of the formula 
III 



- 0-Ph^-O-Ph^- SO^ 



wherein Ph^ is a phenylene residue; and; 

Y is a - CO - or - SO^ - group, and the nature of Y in the units of 
formula II oay vary* 

6. A solution as claimed in any one of claims 1 to 5 in which 

component (a) of the solvent mixture has a delta-H of at least 8. 
a delta-D of not more than 8 and a delta-P of at least 6; componint 
(b) of the solvent mixture has a delta-D of at least 8. a delta-P 
of not more than 3 and a delta-H of not more than 4; and component 
CO of the solvent mixture has a delta-P of at least 8.5. a delta-H 
of not more than 3 and a delta-D of at least 7.5. 

7. - A solution as claimed in claim 6 wherein the solvent mixture 
contains at least 20Z by weight of l,4^ioxane. at least lOX by 
weight of acetonitrile and not more than AOZ by weight of water, the 
total amounts of the three components aggregating to lOOZ by weight. ' 

8. A solution as claimed in any one of claims 1 to 7 wherein 
at least one coaponent of the solvent mixture is volatile and 
evaporates, at least partially, during casting of the solution. 

9. A process for the production of an asymmetric seal-permeable 
membrane of a sulphonated polyaryletherketone, which process comprises 
casting a solution of a sulphonated polyaryletherketone in a solvent 
mixture onto a support to form a layer of solution on the support, 
immersing the support and layer in a coagulation bath and recovering a 
membrane, wherein the solution is as claimed in any one of claims 

1 to 8. 

10. A process as claimed in claim 9 wherein at least one 
component of the solvent mixture is allowed to at least partially 
evaporate from the supported layer of the solution by exposing the 
latter to the atmosphere for a tine of 10 seconds to 5 minutes, before 
immersing the supported layer in a coagulation bath . 
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11. A process as claimed In either claim 9 or claim 10 wherein 
the coagulation bath contains a non-solvent liquid or liquid mixture 
or an aqueous solution of a metal salt. 

12. A process for the desalination of sea vater or for the 
purification of brackish waters or Industrial effluents by reverse 
osmosis or ultrafiltration using a membrane which has been obtained 
by the process of any one of claims 9 to 11. 



0182506. 

/// 



